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nvnnOGEL-FOBMING SYSTEM WITH HYDROPHOBIC 
HYDKOGE^ORM Romfl ^ coMpONENTS 



Cross-Refe rencg to Related AimiiMtion 

This application claims the benefit of U.S. Provisional AppUcat.on 

No. 60/128,803, filed April 12, 1999. 

Technical Fiel d i ftWp 
a „d bydropMo components wbicb forms a hydroge, wUU a crossbred po,ymer 
network stracture. 

hy „ r Uo W c segments -as been bigb.igh.err "V *e ^ avadab.e - 
therapeutic proteins, peptide, and obgonuCeotides that are mandy of a 
hydrophobic nature because i, is dfficnl, to homogeneously disperse 
hydrophobic drugs or hydrophobic hioactive moWes wd.un a ,o.a.,y 
h^ophiuc po,ynrer hydroge, ,o achieve predict drug ..ease 
Moreover apart from me need to more effective.* band.e hydrophobic dmgs, 

„L Luy byd.opbibe-b.aed hydrogCs in .gaining a—! m.egnty 
datively .eager periods of time and in rueebaniea. sttengtt. 

Despite tbe need for and advantages of hydroge.s bavmg botb bydrop 
aud hydrophobic components, tbere are on,y a fe» reported studies on these. 
AU tbese studies re.y on eitber syndesis of copolymers fron, «^ 
monomersrvi.hon, crossbnaing or re, y on .be physics. b,e«d,ug 
and bydropbibe polymer, Tbe synthesis of eopo.ymer involved 
oopo.ymerizaUon ofpo.ylaet.de obgome, and po,yerby.ene g.yeo. and d,d 



hydropic and hydrophobic components, i.e., lack 
composition, 

<summarv o f the Inven tion 

SML ^-^-^ i „ provides » hyd-gel with bod, 

Wdrophilic components — relying on t,e copolymer approach or pby-a. 

are converge into a one phase croaked polymer network struct,,,, by 

radical polymerization. UvdroR el-forming 
,„ one embodiment herein the invention is d.rected to a hydrog 

. ^ ft nlto99 99%byweiglrtof(A)ahydropbobtc 
^emwhich compnaes from 0.0! ,o 9„ y ^ ^ ^ 

macromerrvitbunsaturatedgroup.e.g.vmylgrot.p, 

p„ ly saccbartde staining hydroxy, groups winch ate ,eac«d 
Up, e g., vinyi groop, introducing compound; where,,, the total 

percentages of (A) and (B) is 100%. 

Preftr.b.y.tbe hydrophobic maeromer is biodegradable andv«y 

V - B d bv reacting diol obtained by converting hydroxy of 

preferably ,s prepa, ed by reaCng amtaoe ,hanol group, with 

terminal carboxylic acid group of poly(lact,c acid) 

unsaturated group introducing compound n1 , eormor e 
hydroxyls in a glucose unit of me dexrtan ,s (are) reacted 

a- nrr/i TS99/1 8818 which is incorporated herein uy 
monoester as desenbed 1.1 PClAJS99/J»» 

referM Tn anod.er embodiment, a bydrogel, preferably a biodegradable Irydrogel, 
„ form! by the free radical poly—,, preferably by photocro sshufcn of 
L hydtogel-formms system of the embodiment described above, wluch has 
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tWs embodiment, . tag o f weigh, average — r w» ™* * 

«„ t.000, as exemphOed by hrdometh.cn, • " » *^ anofter 

P*~ — - * K ^ e f ^ average 

Amative of** embodiment, a «~ ° ^ " 

— ea by hrstdm, * ea^ed in U,e — — ^ „ f ^ 

embodiment, a synthetic or natural polymer, e.g., o g diimasioml 
weigh. —J* o,„ .0,000 to ,00,000, is entrapped ar , e three 

n. ,enr.«hyd,oge." isused herein to mean a polymer.o m 

fom ing system containing at least ooe biodegmdable compon^ - 
The term'-.a ossltoked polymer network structure is used 

mole c„,es, between hydrophihc molecules and between hydrophob.c 

and hydrophihc modules. „ mM „ vinyl bonds 

The term "p !l °tocrosshiikuig ls,lsenlle ' 

,o break and form * *» * ""Thaving a weigh. 

The tern, "nraeronrer" is used herein to mean monomer 

group containing an unsaturated group, e.g., P 

" " S Cn lwei g ,r, average mo-eenl-r weights herein are determined by gel 
permeation chromatography. / 
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determined by gel 



The number average molecular weights herein are 
permeation chromatography. 

Ttrief Descript ion nf the Drawings 

Figs.!., lb. and 1. are graph, of emulative 
respective* for indomedtacio (TDM), inadin, and bovine serum a,b„nnn (BSA) 
and are referred to in Example V hereinafter 

Wetuxn now ,o .hehydrogel-fonmng system which eonrpnses from 0.01 
,„ 99.99%, for example, from 5 to 95%, by weight of (A) a hydrophobic 
_er with —ted group terminated end, andfrom99.99 to 0 , 
for example, from 95% to 5%, by weigh, of (B) a hydropbffic polymer whu* - 

J.P h,.tud„ci„g eomponnd, wherein the total of the percentages of (A) 

(B) is 100%. s „cl, maoromer is readily 

We mm to the hydrophobic macromer (A). Sod. mao 

ODtai ued by coning the end groups of a starling materia, -"-"^ 
wi* termma. hydroxy, gronp if sneh are not .heady present as end gror^e., 
t „ provide a dio,, and reacting me tormina, hydroxy,* with unsat.tra.ed gronp 
introducing eomponnd ,o provide tennina. unsaturated groups, e.g^ vtny 
stoops on the macroote, The starting materia, macronter preferably has a 
1Z « average molecubu weigh, ranging rtp from 500 to 2 0,000. The star Ug 

wei gh. average molecu.ar weigh, ranging from 600 to 8,000, e g 600 to 1 
or 6 500 to S.000. The po,y(,ac,ic acid) is ve,y prefer* p„,y-D-,Mac« md 
sometimes denoted PDU^). P*«** - *«* ^ " 
Modegradable hydrophobic polytnerie materia, dne to its combtnatton of 
biodegradability, biocompatibUity, and adequate mechanical strength. The 
degradation of poly-D^tactic acid U we,, understood and the degradattou 
prodncts are nattrral met.hohtes that eat. be readiiy eUminated by the httmatt 
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i _ fnr example, othei aliphatic 

I- oh^— trtols (e.g., whh 
(e g ., with M. eq«al to 530, 1250 . Uavhlg on e 

carLoxyl end group and one hvdtoxvl end group o, earboxy gr 

or hvdroxyl groups at both ends. „„„ me rs ean be 

Terminal carboy, groups of starting nratena! makers « 

.enuoral carhop whh 2-anunoethano, h ^ >™ f ' . , 
^obexylearboduunde (DCC) as a de.wdr.ting agent a d - 

• i mnrm as an auxiliary luicleopbrte to impn 
liydroxylbenzotnazole (HOB 1 ) as an 

,„ 0- C, adding HOBT and DCC, sumng « tempM ature 
Ioom temperature, tben adding 2-aminoe, auol, « ^ 

fOT 0.5 to 2d hour, ^J^ZZZZ vaH- »nd 

out. The amount of 2-au.taoed.anol . the most ^ ^ 

,„ 15:1, dependmg on the molecular w g ^ 
ratio „f 2-amino.haool to pontic acid) ntore pre. * ^ 

ca.bor.lendgrouptohvd^.gro. ^ g t ,, e m „ weight of 
polyflactic acid) ranges from 1.1 1- i(J acid) 

tte poKXlactio aeid), and prefer^, of .he politic 

acid ). When these ntole rafoa re UmO rf ^ 

weigh, average molecu.ar wetgh. of 600 to 1,000 

Cain end group .o h y dto Xy l group is incontplete even ,f re e, 

emended. The reason for .he 0'C initial temperature ■ «o P-vde 



reacti on and to -*» or ehminare side reactions. The time a, r « 
ra „ges Iron, 0.5 «o 1 hours. The U» a, roou. temperature "J 
from 0 5,.! lours as 4. conversion is con.pie.oi during ,..e firs, hour of 
elon. Opfnuumreacfmn conditio,, Ibr po W l»c,ic acid) 
weight average molecular weigh, of 800 were foundrobe: 
,„ politic add) of!:,, mole ratio of HOBT to poly(lac,ic ae,d) ol T 
relion a. 0-C for 0.5 hours, after returning t o roonr temperas add , on 
, , mo.es 2-amh.oem.nol per mole of poW.ae.ic acid) and reason for 0.3 
Ws; for these optinaun condi.ions, .he conversion of terminal carboxy, 
hvdroxvl was 100% and .he yield was more than 95%. 

We tun. now to Ore react,,, of dioi wi.U narrated group nftroducng 
eompound .o provide hydrophobic po.yn.erwi,, unsaturate 

The „„sa.r,ra,ed group introducing compound can be, for example, 

isocyanate having .msatnrated, e g., vrnyl, group « one 
allvlisocyana.eorisocyanatoethylmethacrylate. 

J We turn now to where the viuyl group introducing compound ,s acryloyl 
Ctoride The reaction is carried out in a solvent in ti.e presence of an acd 
" For .,,0. obtained from po,y<>»ctic acid), the reaction c. be earned 

I terrahydr, .fnran (TBT) as Ore reaction soivent and triethylamme , a 
I I e acid acerptor. Preferabiy, me triethylamine is added .o sotnoon of d . 
Tt f a. 0=C and then the acryloy, cHoride is added and stirring .s — 
CIo-C and then at room tempore. The diethaoolamiue hydrocl o„d 

. -d hv filtering The mole ratio of trie.hyla.mne to d.ot 

byproduct can be removed by ulle.mg. me .,,,,,„ diol 

r ,.,,„151 The mole ratio of acryloyl chlonde lo d.ol 
prefen.blyraugesfron.31to 15.1. Tier Woride 
preferablyrangesfrom3:l,ol5:l. Thet.mea.0 C after aery y 
addM ou preferably ranges ffom 2 to 4 hours. The time at room t mpe a- 
p referab,y ranges from to ,o 48 hours. High ratios of acryloyl » « 
I g 8: 1) and .rietbylamine to dio, (e.g., 8: 1) can lead to cleavag of poller 
LL..C when the p„.y(,Cic acid) has a weight average molecu ar we,g ,t o 
600 to 1 000. Reaction time increase a. room temperature from 3 hours 



fcoursied to higher conversion. The optimal reaction conditions where Are 
starting materia, was pontic acid) having a weight average mo.ecu.ar wetgh. 
of 800 were fonnd to he 4 m oies of acryloyl chloride per mote of diol, 4 mo.es 
Utethyiatuine per mote of diol, reaction a, O'C for 3 hours and subsequent 
reaction a. room temperature for 18 hours; these optima, reaction condt.tons 
produced a yield of about 90%. TheO'C reaction period negates the vro.en, 

, of acryloy! chloride and trieutylanune that would occur a. higher nuttal 



reaction 



reaction temperatures. 

A reaction scheme for synthesis of vinyl terminated hydrophobrc 
A from poly-D.L-lactic acid is sc. forth below where u ranges, for 



macromer 
example, fro. & to 120 



ch 3 o ch 3 o ch 3 o 
s 11 1 m I 1 1 

H _O-CH-C-0-fCH-C-O>-CH-C-OH 



(I) 



2-iiminoellianol 



DCCrtlOBt 



CH 3 O CH 3 O CH 3 O 
,1-O-CH-C-CH-CH-C-O^p-C-NH-CMj— CH2-OH 

(2) 



acryloyl chloride 



trie thy 1 amine 



O CH 3 O CH 3 O CH 3 O O 

H 2 C=HC-C-0-CH-C-O^CH-C-0^p 1 -C-NU-C.! 2 -CH 2 -b-C-CH 

(3) 
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We turn now ,o where *- U reactet. with unsaturated = — 

isoo vaua,e can„e carried cut, for examp... -ng a oro.ar ra,,o for 

. .o 50-C in pda, so.vent, e.g., — — • • 
„ rga n„tio cata.yst, e.g., dihuty.tu, derate. There - no byproduct. 
We turn now to tl,e hydrophilic poly.net (D). 
Tta „• atop.* polymer (B) is a pCysaectaride derivafve. 
The polysaccharides useful for preparing (B) liave hydroxy ^ ™^ 
p endaut groups ^include, for examp,e, — * 

p„,.an, .evatt, n.at.nau, chitln, xyla, pectin, gluenronan, 

.„ .mvlose anrylopectin.andpl.ytopl.toorglocar.s. Hrey 

We torn no w to dextran which is the preferred polysacOan 
, • r~ . one of the tnost abundant naturally occurring brodegradabe 
material. Dextian s one It consists mainly 

„f a-D-Rlucci ide linkages with about 5-10/o ol(i J 

_edia.es formation of a crossed po.ymer ne,worlt. ***** fc 
starring materia, has a weigh, average .no.ecu.ar wetght rangntg from 

80,000 Wemmnow,o the reaction ofpo.ysaccharidehydroxygroups.vith 

unsaturated group introducing compound. 

Tbe unsaturated group introducing compound can he, fo, «*mp 

Uocyanate having unsaturated, e.g., viny., group at one end 
e g., any. isocyanate or isocy.natoetl.yl methacrylate. 
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Where acryloy. ** is ,he unsaturated group introducing cornpotrnd 

^polysaccharide starring materia!, men - acid acceptor,^ 

adding ac^oyl chloride and reacting to fontrthe po-ymer <B) . « 
^saccharide starting materia, is dextran, the dextran can he thss *ed^ 
UC/N K-dime,hylformamide (DMT) (the UQ functions to make the DMF 

solvent and raising the temperature, for example, to 120 C, , 

wo hours, ... „ a homogenous so.u.ion ia formed, and me sotatmn s pr fe™ 

eoo,ed to roemtemperaturebefore acid acceptor is added, and * 

mi x«,re in the form of a DMT solution, and the molar rat OS o 

t „ auhydroghtcoac residue unit of the dextran and of pyrrdute - « 

resi d„e unit o,me dextran are prefer* the same and can range ^ 

r.HdJareinereaaed^.he.mrem— 
6. said degree , ,f convers.on decreases. Degrees ot 

about 3 70 have been obtained. A reaction scheme for synthesrs V 

■ , r „l„vl chloride as the unsaturated group 
polymer (B) from dextran ttsmg aeryloyl chlon 

introducing compound is set forth below where m ranges, for examp , 



to 430. 




(4) 



acryloyl chloride 



pyridine 




(5) 



O 

R= — C-CH=CH 2 or H 



,, e ^i, tei >«e-,.i SW *.M-* Corr^od (5) in 
W.,ere isooyanate Laving vinyl groop .« one end of » 

sai d polysacd.aride srartrng material and . V 
and then adding ...eisoeyanate, and «,en stnnng .« an 

— - - — — r ixrzr* — 

po.ysaocnaride starting materia, is dextran, and U « 

is dibntylti* dtarate and the .note r»..o of tire M 
anhydrog.oeose residue uni. ofdextran ean range, for example, f,o 
, , I t „e mole rario of a„y, isooyarrate to an„ydro 8 l„eose,nr,. of dexUan 
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. r — ri"-— ^— <u. 

ranee, for example, from 2 to Shorn s. m . f 

aextran, m o,e ratio of*, isocyana.o.o aaay^ocose ,e 8 ,d 

s^uiou, U„ Ore of aHy. isolate ^ * 'J ^JL 

units. D egr eeso f sub Sti t». i on.a» gi „ g rvon., b o,U 1 «oa b ou >5^e 

nesttan using any. isooyanate as tne nnsatora.ed 

set for,,, W. .v wUeve m ranges, for exam,*, from 260 «o 430. 



(1) 






/ rf's ra cH-CH 3 o=S-§-CH 2 -CH=CHa 



° R 'or 



R=- 



H 



(l_i_CH 2 — CH=CH 2 or H 
(3) 
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*■ n The product of the above reaction 
There is no byproduct in tbe above reaction. Hie produ 

may be referred to lierein as dex-Al. hydrophobic 
TUe pelage, of (A) and (B), tbe ^.ar -gbt of* P 

The "swelling ratio" is defined as follows 



, ,o/, - fLlJ^ x 100 
Swelling ratio (yo) - w 

t ™A W is tbe initial weiglit of 
w Uere W, is the weigbt — ***** * 7 ' plained by — *. » 

^ tveigU of dry bydtoge, » via. «— . « - ^ . 
sw o I .ennyd,age 1 *o I »tbe " regl " ar,,m ' 
wat et and weigbing, — « y „„ ge fvoln 

As indeed above, t..e amounts of (A) ( ) * 

• l„ „,d 99 99 lo 0.01% by wetglu with tbe tola 
0.01 ,0 99.99% by we,gb. and 99.99 ^ ^ ^ 

peonages ot (A) and (B) M 1« As n.d.c ^ 

6,500 ,o 8,000. As indicated above, tab - start g ^ 
averag e — weigbt tanging fton, abotU 40,00 0 - J fc 
.b^ttion (vntyl , on P eontaining snbsuoten, „ 

Decreasing tbe percentage of (D) 
.eteasesbydtopbobicityC^ 

„ and deceases swdling ratio tbe te ge^ ^ ^ 
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, eof( Mmn>roved mechanical properties intlre hydrogels formed from 
percentage of (A) unpro ^ taMeMM 

the hydrogel-formiog systems. Increasmg tit 

percentage of A or B is high and causes mcce.se m htodegrad 

LnedMrogeh ----^ni 

hydrophobic^, decreases swelUng ratto, causes mcrease m m 

..operties, and where (B) is a dextran derivative 
by Lranase, in formed hydrogef .crease in degree of , — 
..ydrophnic poiymer decreases hydrophmcity aud — ^ property and 
percentage dextran derivative compositions), increases mecnamca, p 
increases degradation time, it. formed hydrogel. 

— '-^ritrydroge. 

polymeria of thehydroge,-^ 

fanned has a three dimenstonal crosshnked polym 

radica, polymerisation is prefer* pho.opolymertzat, on ^ 

consents (A) and (B> in se,cted «— - 

adding photoinitiato, e.g., front . 5 /. -g P ^ ^ 

UV irradiation, e.g., using a low-tntenstty, ^ 
, rap (IAWUV lamp) a, room tempore - ^ ^ „ 

Completion „f photopo.ymeriza.ton can h obtatned ■ ^ 

mtart e S to 3 hours even in the presence of oxyg«r. ** £ J ^ ^ 

ofpolymer (B) W hich is dextran ""^•^ set foltu abo ve 

in DMSO to provide a conccntratton of . Ota! of (A) and ( ) 

rangta g front 30 ,o 50% w/v and a homogeneous „ an 

example 2 2-din.e.hoxy 2-pUeny! aeetophenone, as the photo.., «ta,or t . 

i:;::,;a,;gm g& om lt o 5% w /W (o,.,hehas,of t he,o,a 1W e,ghtof(A)and 
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polym er (A) compound was <™°'^*Z s *r^ system of 
.nacromer (A) obtained from poly-D.WacUc 

p„ ly mer (B) wbicfr * derc-AI, - «P— - * „ ;0% (Wv) 

and the» proceeding as deserted ft. the hyo g fe 
_er (A) fro,,. po,y-D,W.- »c,d - ^ ( ) 

d e*r»„ diacryb.,e. » -as been found «,a. ^ hnUbe 
„ » 1 hows, ,aad to a higher s-, — » - "~ " ^ 

components ant, sotvent, and that then tfre hydroge,^ d-d J 

crosslink,*) polymer network stmoture. te , bioa ctive agent 

* hydrogeKormed herein can chenncab ,n orp „ g 
^ch reacts^ either or botb of tbe componen s °*°^J „ 
systenv .bis can be accented by reacting tire b.oactwe agent 
,„,< of the bydrogel-forrning system berem. 

« pbysicaby encapsn-ated wirhin .be hydroge, _ causes 
^re subjected to pho.oc,ossf,nk,ng so *» ^ ° „ r MCal)Sola eed 

formation of hydrogel v* bioaetive agen. entrapped .here,,, 

"wine range of swe«U, g bebavior of .bePDfXA ae^d.-M 
, lydrog eU of.be nrveo.ion berein baa been d— ated Over a ^ P« 
ZfreLdia (fro. pH 3 to 10); generaUy a bipbasic srvelbng pattern 
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Mrog e b for drog cou.ro. reiease " ' siirgioa , ^Unts 

s_ostitu.es, fo, deUvery of viruses - gene « fot 
(e ,„ for coating an .*« P-«-> - * ^ ^ v „ rimls 
promoting lesion and prollfeTatlon. As mdica ^ ^ 

M» drug release and are connected wut » » fot 

for contact ,ens andwound Canning utdtttes, and 

^aryptrtpose. TUeuydrogeWme — ^Lso^e 

We torn now , o the altemat dimensional 
r 900 to 1 000, is entrapped m a tliree 
molecular W eig1>« ,an B m g l l om 200 to comp one«ts of 

hydrogel-fonniog system herem. T..e ^ 

*«* g — " td.me.nacu. is a non- 

um* - • *~ ,s iroP °r 4elv lisea fo, treatment of 

^da, an«— ory — « tete ;X'e — » 
AonMer, and acute gouty.ar.brtt.s. Ome B e This 

^tentative provides a good approach for con.ro.led reiease 

dn,gS ,„ .he aUernative where a wa.er soluble ntacromo.ecu.e, 

We turn now to the alteiuar 

entrapped.,, a. „.ee dimension,. networU formed .,y 

of (A) and (B) components ofLydroge.-form.ng system neren 
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„o,ecu,e used in Exaotp.e V herein » *• PO^de ^ 0*« 

oaacrOmolecu.ea «* — e inchme, for examp.e, 

MM.. This ahemative provides a good approach fox controhed .elease 

admimstra.iooofwa.er-solub.eroaoroo.olecutedrogs. 

We mm no™ the alternative where a synthetic or natnrat po.yo.er, e.g., 

^Zse — -gMtangins^^Oto .00,000 -^ 

(B) components of hydrogel-fonoing system here*, The ** 
P o ymers urch.de, for example, proteins, peptides, polysacchandes, and 
o£_charide S . -einafor.,— .ode f = . 
,y_ intern-,, and basic Bbrob.as. grow* *££J> . 
use d in Example IV herein is bovine sen,m album,,,. ™>s ahenra P 
go „d approach for conned release administration of syn,het,c or natural 

rea di,y inco derated by forming a sohuion „f components (A) and (D) to p.o 

a dding pho,.«ia,or and men adding, for example, from 0, ,o M 

„n the .otaf rveight of (A) and (B» of agent to be entrapped - d t 

fre e radical p action. The solvent shooid be one ,n winch (A and , 

m d agent to be entrapped are soluble. DMP is used in the e^m ^ Othe 

, i r Aland (Blare soluble include, for example, dimethyl 
solvents ra which (A) .md (B) ale so, 

snffoxide (DMSO), and selection is made from among the solvent 
and (B) are solnble, to obtain solvent that also dissolves the agent 

™ traWei , ,,,„.,„ are administered, e g., by tl»e 

Thehydrogels with agent entrapped therem are 

.nethod of administration nsed for the agent if that method , ^ ^ 

liy d t oge, use and are preferably admhustced orahy (if tins memod ,s 

I agen.). Adminls.ration is in dosages -able to provide ,ose assooated 

wHh the agent, with controlled release being effected bv .he hydrogel 
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Embodiments of the invention herein are described and test results are set 
forth in U.S. Provisional Application No. 60/128,803, which is referred to 
above The entire disclosure of U.S. Provisional Application No. 60/128,803, 
including Appendixes A,B,C and D thereof, is incorporated herein by reference. 

Tire invention herein is illustrated by the following working examples. 

Kxam ple 1 

Poly-D,L-lactic acid (PDLLA), 5 gms, of weight average molecular 
weight of 800 was dissolved in tetrahydrofinan (concentration of 8% (w/v)) xn a 
round-bottomed three-neck flask under nitrogen purge and the solut.on was 
cooled to 0°C in an ice bath. Then 1.4 gms of 1,3-dicyclohexylcarboduuude 
(DCC) and 0.9 gms 1-hydroxybenzotriazole (HOBT) were added (the mole ratm 
of DCC to PDLLA was 1. 1 and the mole ratio of HOBT to PDLLA was 1: 1), 
and reaction was conducted for 0.5 hours with continuous stirring. Tnen the 
mixture was allowed to reach room temperature whereupon 0.45 ml of 2- 
aminoethauol (mole ratio of 2-amiuoetha„ol to PDLLA of 1.1:1) was added 
dropwise to the flask and stirring was then continued for 0.5 hours. The 
precipitated byproduct, cyclohexy.urea salt, was filtered out. The diol product 
was obtained by pouring the filtrate into a large excess of dry hexane. It was 
further purified by dissolution and reprecipitation several tunes usmg 
tetrahydrofinan and hexane, respectively. Finally, the diol was dried in vacuo at 
room temperature for one clay. The conversation of the -COOH end group to 
-OH group was 100%. The yield was more than 95%. 

The diol, 4 gms, was dissolved in tetrahydrofuran (THF) in a flask to 
provide a concentration of 8% (gms/ml, w/v). H,e flask was flushed wrth 
nitrogen and dulled in an ice bath. Then 3 ml of triethylamine was added. After 
5 minutes 1.8 ml of acryloyl cbloride in THF (concentration of 30% (v/v)) was 
added to the flask dropwise. The mole ratio of triethylamine to diol was 4: 1 and 
the mole ratio of acryloyl chloride to diol was 4:1. The mixture was stirred in an 
ice bath for tluee hours and then was reacted at room temperature for 18 hours. 
lUe drethanolamine hydrochloride byproduct was removed using a glass filter. 
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Tbe diacryla.e product was precipitated using 10 timeshexane. The product 
was further purified by dilution and reprobation several rime, 
and hexane respectively, lire product was dried a, room tenure • ^ 
„ for cue day and cons.iru.ed fire acrymy. derivative of .he d,ol obtanred 
vacuum iu Thevield was around 

ftom the poly-D,Wac«c acid, for use for macromer (A). Tire yreld 

90% ' D*,, 2 gms, having a weigh, average molecular weigh, of 70 000^ 
was added , «*DMF (4% w/v) solven, mixtirre, 3 go, UC. - 
insi de a reacfiou fiaalc which was maintained under 

* fla sk was versed in an oil ha* and .he .emperarure of .he „.l ha h was 
raised fiomroom .emperarure to ,2.-C over a period of rwo hours and .he 
resuhan. mixture became a homogenous gold co.ored sohrtion. The — 
was cooled dr.™ to room temperature and 2 m. pyridine (mole >a..o of P yr dtne 
I LZrog.ueose.eaidueum. of aex. r auof2,)w., added. Afier 5 mrnu.es 2 

u ni. of dex.ran of 2:1) in DMF sohrfion (concentiatton of 20 (v/v) 
added .o the ft* with cons.au. stitriug. Reaction was .hen conduced a, room 
Zarme fo, three hour , Oexrtan aerate was oh.ained hy predating m 
rLsaamor.arofcoide.hanofThep.odnc.wasfii.ered.wa.ed^rcoid 

ethano, several rimes and drier, a, 40°C under vacuum for rwo days^ The 
pro( ,„c. cmrstil, rod .he hydrophifie polymer (B). The product was found to 
Le a degree o r .restitution (viny, groups pet hundred aohydroglucose -) 

ab0 " t "he macr omer (A) and .he polymer (B) were disserved in DMSa 
So ,ntio„ S of weigh, ratios of <B V( A) of ,0,0, B0.20, 70.30, 60:4 an ^ 
were made up hy diasoiving (A) and (B, in DMSO ro oh.ar„ a fina, once „a.r 

= 1 *■ „ Tn each of tlie solutions was added ^ /» 
of 30% w/v homogeneous solution. To eacli 01 uw 

w/w (on .he basis of Ore .o.a, weigh, of (A) aud <B)> 

. Jpheoone. Bach mixture was transferred ,0 a hydrophobic PH* P-a 

hy a mw-hrtensiry, portabie long wave lengtir uKxa vrole. lamp at room 
temperature fot about 3 hours until a nontacky disk-shaped hydroge, was 
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agnized ware, and etirau.1 for ,8 honrs, respective* to rtnnov unreac^, 

. . t^t 1iirtic ac id derived diacrylate and UMW 
dextran delate, reacted poly-D L-lactic acrd 

solvent. ThehydrogelswerethendrredrnvacuoatSO C 
indicated the formation of a crosshnked polymer network. 



Poly-D^lactic acid diacrylate to constitute the ruacromer (A) was 

ohtained the same as in Example I. 

AD* isocyanate derivatized dexmurwas prepared as follows: 
Dextran* 5 gn,s, Laving a weigh, average „.o.ec.„ar we gM . ^000, 

a seties of runs, m eaeU of Che runs, dry de*ran was d-ssowed * 

e n v.r„n m ,n.atroo„r,en,,erau.re. Tlren Oa^ • vas 

was tai ec t . „ into ti.e sotution a, roou. renrperarpre and Urerr a, y> .socyana.e was 
added dror wise. In eaelr case, tire reaction nuxtnre was sarreu a. a 
ede,ei,d .empire for a prede.em.ined tin*. Sanrples at dferen. 

then fi.rti.er ,,.rified by dissolution and reprecipitaong wrti. DMSO 

under reduced pressure for two days and stored .,. a cold (2 C) 1 
. o _ t^z for hvdroeel formation. 



LUIUCI | 

before being used for hydr ogel fonnation. 

J— of DBTBL and isocyanate, ti.e reaction ten.peran.re , he 

reaction tinre and ti,e degree of substitution (OS) obtained (uuntber of W 
„e groups per 1 00 atinydrog.ucose nui.s) for tire vanous runs *e^ 
forth in Tab.e 1 below wherein reactants molar ratio nreans n.oles of 001 
and moles of ally! isocyanate per anhydroglucose unit of glucose: 



1 
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Table 1 




Hydrogels were then made up using the dilate derived iron, poly- 
O.Maerie acid 0»UA maeromer) and de*-A« 

llllar.dPO^d^e.acro^wered— .DMrrooUa,. 
50% <„/v> eoneentrarion soU.rioa. Fi ve peroent (w/w, oased oa rota wergh. 
d ex-A! aad PDLLA di.ery.ate nracromer) of 2,2-dtaethoxy 2-pl.enyl 
aceropUeooae iairia.or was added ro r,e so.arioo in eael, ease. ,,r ead, ease, >e 
resulting ..oroogeooos soUrrion was transferred onto a hydropnobre P1TE p.ate 
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poly met S a. roontlemperatmeundet ' tawoo at 

50-C for 48 hoars in a vacuum oven. PT-1R analys P fa 
Mag™ 560 FT-tR spectrophcontetet ..owed , crowed polyme 



each case. 



mo ,ecu,ar dmgs front hydrogel prepared f,o,n ^ «-« 

gastr oi»tes.»,a, side effects following ora, — -« " ' 

„, . seri es of runs denoted 0. system 1 , acid) 

having a weigh, average — w , ^ of 

AI where the dextran starting maten.1 had a w g 

«,000 and the dex-A, had a degree of suhstHuuon of ^ 

,„ a series of runs denoted the system 2 senes oftuns, 
in a series u* having a weight 

™t 1A diacrylate macromer obtained from PDLLA nav g 
was PDLJ-A aiacrywL^ i a t w here the 

• i., „f RO0 and the polymer (B) was dex-Al wi 
average molecular weight of 800 ana I ^ 
oextran starting materia, had a weight average mo.ecu.ar wetght 
ft. dex-AI had a degree of substitution of 6.77. 

,n a series of runs denoted the system 3 sertes of runs, 
was PDLLA delate macromet ohtamed from fc 
„vetage molecular weight of 7,000 and the polymer (B) was dex AI w 
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dextran starting material had a weight average mo,ecu,sr weigh, of 70,000 and 
the dex-Al hail a degree of substitution of 6.77. 

T.,e PDIXA diaerylate for the system 1 series of rtras and for the system 
2 series of nma was prepared the same as the PDLLA di.cy.ate of Example 
W. turn now to the PDLLA diactylate for the system 3 series of runs. Tire 
PDLLA diaerylate for the system 3 series of rnns was prepared the same as flte 
roL U diaerylate prepared in Example 1, excep, that in preparing the dm. the 
PDLLA had a weigh, average mo.ecnlar weigh, of 7,000, .he mole ratro of 
DCCYP. LA was 10:1, the mole ratio of HOBT/PDLLA was 10:1, the mole 
ra Uo of 2-atmn.emanol/rDLLA was ,0:1, reaction time at .'C was 2 hours and 
th e reaction a. room .emperarttre was 4 honrs, and except tha. in prepanng the 
diacryfaae from the dio,, the mole ratio of,ne«uy.ami„e/PDLLA d,o, was .0.1 
Uie mole r,«o of acryloyl chloride/PDLLA die. was ,0:1, the reaction rime a. 
0-C was 2 hours and the reaction time a, room temperatnre was 48 hours. 

T,,„ dex-Al for the system 1 series of rtms was made up the same as the 
^.AW. 3 hours, of Table 1 of Example U. The dex-AI for the system 2 senes 
of „.,s and for the system 3 series of runs was made up the same and .n each 
oas e the pre aaration was the same as for the Dex-Al-3, 8 horns, for the system 1 
series of rm, t, excep, that dextran starting material of weigh, average mo.ecnlar 
weight of 70 000 was used. 

Eocthe system 1 series of runs, hvdrogds were made up wtth we gh. 
ratios of dex-A l/PDLLA diaerylate of 100/0, 80/20, 50/50, 20/80 and « 
E„, „,c sys„ „., 2 series ofrnns, hydrogels were made up with we,gh. ratms of 

,. r inn/n 80/20 50/50 and 20/80. For the system 3 
dex-AVPDLLA d.acrylate of 100/0, 80/20, 
series of rmts, hydrogels were made up with weigh, ratios 
diaerylate of 80/20, 50/50, 20/80 and 0/100. 

Thus, the percentages of the hydrophobic and hydrop.uhc components 
were varied as we., as the molecular weights of the PDLLA and dextran startmg 

materials. , 
Hydrogels were made up by dissolving PDLLA diaerylate n^acromet and 

dex-Al in DTvlF to provide a concentration of the total of the two in DMF of 
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JLmer a., dex-Af,. ^ direct. «— *-~-*^T 

, • i * ft fM)UA diacrylate macromer and clex ai; 
based on the total weight of PDLLA ma ry 

i j a The Tes0 Umg compositions were transfer, eel to 
iudomethacm was added. 1 he resivmug 

p , a ,es and expos*, eo .on^e UV . -r. ^ ^ , _ 
diameter and 1 mm thickness, and me hydrops we.e dned 

temperature foi several days. j-t-nnined by 

M easeo fu ,do m eU,aoUr &0 meacUo f d,eUydr„ g e,s»ad : .,^ 

the procedure. The experiments wete carried outa. • 

bydro.e, was wei g hed a„d Versed in a g .ass ^ , 

^ered solutidn (pH 7.4, 0.1 M) as a release medmrn. At rime .n 

monitoring the absorbency of tl.e medmm a. X - 
2 UV/V.S spte.roe.eter and cnmrdative release vers. „« « « 
a pp,„pri a .e caption; cummarive release was recorded as ^ 
Enumerate r lor t,e calcmaliou was tUe cumulate amor m — 
leased by tbe , i,„e of sampling a„d tlre denommator was Ore max,m. 
of iodomethach. released. Results were as follows. 

For .11 the hydrogels, mdome.hacin release appeared to be mph 
a u imria! rapid re,ease pbase followed by a slower release ^ 

Kelease of indomethacin from Uydro g els where *e dex M 1 

iolecul.r weigh, of tbe dextran starring ma.enal d,d no. seem 
effeetonO-ereleasekinedesoftbeindomethaee, 

Re ,ease of indometbaeln from hydrops where the PDLLA aery 
„r component was ,0« - -.on. 750 hours — - 

• if„f7 nnn <jo increase m molecuiai wc^ 
from PDLLA of molecular we.ght of 7,000 so 

the PDLLA caused decrease in release rate. 
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Turning now to die hydrogels prepared from both PDLLA diaorylate 
macromer and dex-Al components, release rate decreased with increase in 
weigbt percentage of PDLLA acrylate macromer component. The molecular 
weight of the dextran did not have much effect on th e release rate of 
indomethaciu for dex-AI dominant, e.g., 80% dex-Al/20% PDLLA diacrylate, 
hydrogels but the molecular weight of PDLLA was an important component of 
release rate in PDLLA acrylate dominant hydrogels (e.g., 20% dex-AI/80% 
PDLLA acrylate) as shown by slower release rates for 20% dex-AI/80% PDLLA 

acrylate hydrogels in the case of system 3 compositions (gr eater PDLLA 

molecidar weight) than for system 2 composition. 

Even small amounts of PDLLA acrylate were found to decrease swelling 

ratio and increase mechanical strength. 

Bovine serum albumin was used as a model protein to study release 
profiles of proteins fromhydrogel formed from hydrogel forming system herein. 
Bovine serum albumin was particularly selected because it is a well-charactenxed 
proteh*, large in size (weight average molecular weight of 69,000), easy to assay, 

low cost and generally available. 

In tin:; example, fluorescein isothiocyanate labeled bovine serum albumm 
(BSA) from Sigma Chemical was entrapped in hydrogels according to the 
invention (combinations of macromer (A) and polymer (B) over a range of 
composition ratios of (A) and (B)) and in hydrogels with only macromer (A) or 
polymer (B) and release in pH 7.4 phosphate buffered solution was investigated. 

The hydrophobic macromer used was poly-D,L-lactic acid diacrylate 
(PDLLA diacrylate), made similarly to mat in Examples I and B, starting with 
poly-D,L-lactic acid of weight average molecular weight of 740 (supplied by 
Boehringer Ingelheim Chemicals). 

The hydrophilic polymer used was dex-AI, made similarly to those in 
Example II, starting with dextran having a weight average molecular weight of 
43,000 (purchased from Sigma Chemical Company) and had a degree of 
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substitution (number of aUyl isocyanate groups per 100 anhydroglucose units) 
of6. 

Hydrogels were made up by dissolving PDLLA diacrylate macromer and 
dex-AI in DMF to provide a concentration of the total of the two in DMF of 
50% w/v. Then 2,2-dimethoxy 2-phenyl acetophenone was added in each case 
as photoiu ..tor (2.5% w/w based on the total weight of PDLLA diacrylate 
macromer and dex-AI). Then directly before photocrosslinking, 2.5% (w/w 
based on th<: total weight of PDLLA diacrylate macromer and dex-AI) of the 
BSAwas added. Tire resulting compositions were transferred to PTFE plates 
and exposed to longwave UV light (8 watts, 365 nm) for 3 hours to form 
hydrogel disos of 8 mm diameter and 1 mm thickness, and the formed hydrogels 
with BSA en trapped therein were dried in vacuo at room temperature for several 
days until a , constant weight was reached. Hydrogels were made up with weight 
ratios of dex -Al/PDLLA diacrylate of 100/0, 80/20, 50/50, 20/80 and 0/100. 

Rele; ise of BSA was determined by the following procedure. In each 
case, about 35 mg hydrogel was placed inside a 20 ml screw capped glass test 
tube contain, ng 15 ml phosphate-buffered solution (PBS) (0. 1 M, P H 7.4). Tire 
test tubes W re placed in a 37°C incubator. At predetermined intervals over a 
course of 60 .lays, 2 ml liquid samples were drawn and replaced by fresh PBS. 
Tlie concent. ; tion of BSA in each withdrawn sample was measured at 490 nm 
using a Perkin Elmer Lambda 2 UV/VTS spectrometer (Norwalk, Connecticut). 
All release studies were carried out in triplicate. 

All ihe release profiles were characterized by an initial burst release 
during the first two days followed by a sustained release, lire total amount of 
release of BSA from the 100% dex-AI hydrogel reached 62% after 58 days, and 
30% of this total amount was released during the first two days incubation. The 
100% PDLLA diacrylate hydrogel provided a release profile with 13% burst 
effect during the first two days incubation and all the BSA was released by 
around 48 days of incubation. With hydrogels from both dex-AI and PDLLA 
diacrylate, the initial burst release decreased significantly compared to tlie 100% 
dex-AI hydrogel. For example, only 10% of the BSA released from the 80/20 
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dex-AI/PDLLA diacrylate hydrogel during the first two days incubation, 16% 
for 50/50, and 15% for 20/80 dex-AI/PDLLA diacrylate. Hydrogels from both 
dex-Al and PDLLA diacrylate did not release all the BSA by the end of the 
60-day period. The total amounts of BSA released during the 60-day study were 
found to be 49% for 80/20, 64% for 50/50, and 98% for 20/80 dex-AI/PDLLA 
diacrylate. Generally, the release rate of BSA from dex-AI/PDLLA diacrylate 
hydrogels increased as PDLLA diacrylate component percentage of dex-AI plus 
PDLLA diacrylate, increased. 

The release of BSA from the dex-AI/PDLLA diacrylate hydrogels was 
both diffusion and degradation controlled. During the initial burst phase, the 
hydropliilicity of dex-Al was a major reason for microporous structure 
formation, which was responsible for the diffusion controlled release. Thereafter 
as PDLLA diacrylate hydrolytic degradation proceeded, BSA release was 
degradation controlled. 

Tli a data showed that the combination of the hydrophobic hydrolytic 
degradable PDLLA diacrylate and hydrophilic non-hydrolytic degtadable dex-Al 
reduces the initial burst effect compared to the result from the 100% dex-AI 
hydrogel aiW prolonged the release duration of BSA compared to the results 
from the 100% PDLLA diacrylate hydrogel. 



Example V 

Insulin, a polypeptide, was used as a model water-soluble macromolecule 
to study release profiles of these from hydrogel formed from hydrogel forming 
system herein. 

In this example, fluorescein isothiocyanate labeled insulin (weight 
average molecular weight of 6,000), i.e., FiTC-insulin, from Sigma Chemical 
was entrapped in hydrogels according to the invention (combinations of 
macromer (A) and polymer (B) over a range of composition ratios of (A) and 
(B)) and hi hydrogels with only macromer (A) or polymer (B) and release in pH 
7.4 phosphate buffered solution was investigated. 
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Tlie hydrophobic macrorner used was poly-D,L-lactic acid diacrylate 
(PDLLA diacrylate) made similarly to that in Examples I and II, starting with 
poly-D,I^lactic acid of weight average molecular weight of 740 (supplied by 
Boeliringer Ingelheim Chemicals). 

Tin? hydrophilic polymer was dex-AI, made similarly to those in Example 
H, starting with dextran having a weight average molecular weight of 43,000 
(purchased from Sigma Chemical Company) and had a degree of substitution 
(number of allyl isocyanate groups per 100 anhydroglucose units) of 6. 

Hydrogels were made up by dissolving PDLLA diacrylate macromer and 
dex-AI in DMF to provide a concentration of the total of the two in DMF of 
50% (w/v). Then 2,2-dimethoxy r 2-phenyl acetophenoue was added in each case 
as phol omitiator (2.5% w/w based on the total weight of PDLLA diacrylate 
macromer and dex-AI). Then 2.5% (w/w based on the total weight of PDLLA 
diacrylate macromer and dex-AI) of die labeled insulin was added to the 
solution. The resulting solutions were transferred onto hydrophobic PTFE 
plates an, I disc-shaped hydrogels were obtained by crossbnking the unsaturated 
functiona l groups of dex-AT and PDLLA diacrylate under a portable long 
wavelength ultraviolet lamp (8 watts, 365 nm) at room temperature for 3 hours. 
The labeled insulin-incorporated hydrogels were dried under vacuum at room 
temperature for several days to remove residual solvent. Hydrogel disks of 8 
mm diameter antl 0.8 mm thickness were formed. Hydrogels were made up with 
weight ratio.? of dex-AI/PDLLA diacrylate of 100/0, 80/20, 50/50, 20/80 and 
0/100. 

Release of insulin was determined by the following procedure. In each 
case, about 35 mg labeled insulin-incorporated hydrogel was placed in a 20 ml 
screw capped glass test tube containing 15 ml phosphate buffered solution (PBS, 
0.1 M, pH 7.4) at 37 °C and immersed therein over a period of seven weeks. 2 
ml of the buffer medium was removed at predetermined intervals and replaced 
with the same volume of fresh buffer solution. The concentration of insulin in 
each withdrawn sample was measured at 490 nm using a Perkin Elmer Lambda 2 
UV/YIS spectrometer (Norwalk, Connecticut). An average release of three 
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samples was reported (i.e., tests were carried out in triplicate and results were 
averaged). 

The results were as follows: The initial burst fiom a 100% dex-AI 
lrydrogel was minimal. However, as the percentage of PDLLA diacrylate 
increased, initial burst, release extent, and release rate increased. The 100% 
PDLLA diacrylate lrydrogel showed the largest initial burst effect, highest release 
extent, and highest release rate. For example, only 14% entrapped insulin was 
released from the 100% dex-AI hydro gel after seven weeks incubation. Tire 
release extent increased as percentage of PDLLA diacrylate component 
increased, Le., 32% for 80/20, 60% for 50/50, 72% for 20/80 dex-AI/PDLLA 
diacrylate, and 100% of the insulin was released from tire 100% PDLLA 
diac .i late lrydrogel by about 44 days. The release rates were largest at the 
beginning of the immersion period. 

The results for indomethacin incorporated 1 00/0, 80/20, 50/50, 20/80 
and 0/100 weight ratio, for insulin-incorporated 100/0, 80/20, 50/50, 20/80 and 
0/100 weight ratio, and for BSA-incorp orated 100/0, 50/50, 80/20, 20/80 and 
0/100 weight ratio dex-AI/PDLLA diacrylate hydrogels are shown respectively 
in Figs. 1 r, lb, and lc. As shown in Fig. la, the small size indomethacin could 
be totally released from all the hydrogels within 40 days, and the release rate 
decreased as PDLLA diacrylate component percentage increased. As shown rn 
Figs, lb and lc, release rate of the larger size molecules insulin and BSA 
increased as PDLLA diacrylate component percentage increased, and tire large 
size molecules were not totally released from the high dex-AI component 
hydrogels such as 100/0 and 80/20 within the period of the experiments. Tire 
effect of dex-AI/PDLLA diacrylate composition ratio on the release profiles of 
large molecules such as proteins represented by BSA and smaller water soluble 
macromolecules as represented by insulin are shown to be different. Generally, 
the BSA initial burst release decreased as percentage of PDLLA diacrylate 
component increased, and thereafter as immersion time increased, there was a 
sustained release, the rate and exteut of which increased as percentage of 
PDLLA diacrylate increased. Oir the other hand, insulin release is shown to 
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increase during the entire period (inetading U*4) as percentage of PDIAA 
diacryia.e component increased. In * eases, the nydroge, networks provrded 
controlled release of the entrapped agent. 



^^any variations of the above will be obvious to those sldlled in the art. 
Tims, the invention is defined by the claims. 



